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Abstract 
The international economic literature offers a significant number of publications approaching the European energy markets 
functioning, including comparative studies. The development and performances of the Romanian electricity spot market were 
less investigated, mainly because of the relatively short period of its functioning.  
The paper quantifies the impact of the electricity generation utilities’ structure by primary energy resources, on bidding prices 
resulted after the closure of the day ahead market. The multidimensional regression method was utilized for the models 
development. As a result, three distinct econometric models were obtained for different hourly periods of the day (off peak hours, 
peak hours, daily average) for working days and other three models for the weekend days. Based on these models, negative and 
positive correlations were established between the electricity prices and the seasonal contribution of the different categories of 
energy facilities to the demand curve coverage. 
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1. Introduction  
In this paper an evaluation model was developed in order determinate the influence of the electricity generation 
capacities’ structure by primary energy resources (coal, hydrocarbons, hydro energy, nuclear and wind) on closure 
prices of the spot electricity market. 
2.  Literature review 
As until now there are no viable solutions to economically store the electricity. Consequently, demand is the 
determinant factor for the price level, inducing unpredictable variations resulting from the specificity of the 
consumption model.  
(Voronin  and Partanen.,2012) developed a hibrid prediction model in order to forecast the energy prices based 
on the data series that characterize the Nordic electricity market. The novelty of this approach is the distinction 
made between the normal prices and the spike ones. In the first case, the authors use the ARMA model to assess the 
linear correlations between the electricity prices and the explicative variable, the GARCH model to define the 
heteroscedasticity of the residues and a neuronal network for the combination of the forecasts resulted from the two 
mentioned models with the historical prices and the demand evolution. All this process is developed with the 
purpose of generating a prognosis for the spike prices.  
(Liebl, 2010) uses the functional analysis of the spike prices determined by the spot electricity markets. The 
functional perspective interprets the spot prices as electricity demand functions and allows for an estimation of a 
single daily price curve. Karakatsani and Bunn (2008) model and forecast the spot prices of the United Kingdom 
electricity market (UK Power Exchange), dividing the statistical data in trade periods and in daily samples each of 
48 half hours, and the week days in working and weekends.  
The majority of electricity prices forecasting models offer reasonable results for the prices situated in normal 
limits, but are not able to depict the effects of the prices that surpass these limits, the so called spike prices. The 
appearance of the latter ones is determined by a huge number of very complex factors.  
On ideal competitive electricity markets, the spike prices appear only when demand is higher than supply. Yet, 
markets do not function ideally. Therefore, the spike prices happen even under the circumstance when the offer 
covers the demand. Zhao and Dong (2007), in their case study for the Australian electricity market utilizes the 
composite correlation between the spot price and the demand and supply with the Supply Demand Balance Index. 
3. Research method 
In order to determine the influence of the different kinds of energy resources utilized for electricity generation on 
its prices, statistical data were analyzed. The data refer to the average daily energy productions (www.transelectrica.ro) 
and the day ahead electricity prices for the 12 months of the 2012 year. (www.opcom.ro).  
 
The primary data base consists of the following indicators: 
 The average installed capacity of the coal based generation units (MW); 
 The average installed capacity of the hydrocarbon based generation units (MW); 
 The average installed capacity of the nuclear generation units (MW); 
 The average installed capacity of the wind farms (MW); 
 The average installed capacity of the hydro energy units (MW); 
 The electricity daily average prices determined for the 1-24 hours (lei/MWh); 
 The electricity average prices resulted from the spot market transactions in peak hours 7-22 (lei/MWh); 
 The electricity average prices resulted from the spot market transactions in off peak hours 1-6 and 23-24 
(lei/MWh). 
 
The analysis was conducted for the 2012 year, from January to December, daily from Monday to Thursday and 
on Sunday. Fridays and Saturdays were not considered because there is no data available for those days. Six sub-
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models were constructed representing the assessment model of the structure influence of the production capacity on 
the electricity prices. 
The indicators used in the present paper fall into two categories: independent and dependent. The independent 
indicators that constitute the input variables of the model are the average installed powers of the production 
capacities respectively coal, hydrocarbons, wind, nuclear and hydro energy. The dependent indicators, which are the 
output variables of the model are the daily average prices per 24 hours during peak hours and respectively off peak 
hours. 
To determine the models, the regression method of linear multidimensional variables was used. Thus, three 
models were obtained for the working days from Monday to Thursday and three models for weekends (Sundays). 
Separate models were developed for Sundays because the indicators values measured in those days are different 
from those measured in working days, demonstrating another pattern of consumption. 
Thus, for Monday through Thursday and for Sunday we obtained linear models as: 
 
Y= a0+a1X1+a2X2+a3X3+a4X4+a5X5        (1) 
 
where: Y is the output variable; X1, X2,…,X5 are the input variables; a0, a1, …,an  are the regression coefficients. 
 
The regression coefficients of the models from Monday to Thursday are presented in Table 1 and those of the 
models for Sunday are presented in Table 2. 
The calculated degree of adequacy is ranging between 0.54 and 0.79, meaning that R2 explains from 54% to 79% 
of the phenomenon variation. 
Table 1- The regression coefficients of the models from Monday to Thursday  
 Y1- the average daily price for 
the electricity between the 
hours (1-24) 
Y2 – the average daily price for 
the electricity in peak hours i.e. 
between the hours (7-22) 
Y3 – the average daily price for 
the electricity in empty times   
between the hours (1-6) and 
(23-24) 
The average installed power of 
the coal production capacities 
0.066 0.074 0.057 
The average installed power of 
the oil production capacities 
-0.023 -0.025 -0.027 
The average installed power of 
the nuclear production 
capacities 
0.03 0.039 0.016 
The average installed power of 
the wind production capacities 
-0.063 -0.064 -0.054 
The average installed power of 
the hydro production capacities 
-0.013 -0.025 0.013 
Free term 68.75 89.84 -7.888 
The degree of adequacy R2=0.67 R2=0.71 R2=0.54 
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Table 2- The regression coefficients of the models on Sunday  
 Y1- the average daily price for 
the electricity between the 
hours (1-24) 
Y2 – the average daily price for 
the electricity in peak hours i.e. 
between the hours (7-22) 
Y3 – the average daily price for 
the electricity in empty times   
between the hours (1-6) and 
(23-24) 
The average installed power of 
the coal production capacities 
0.116 0.132 0.083 
The average installed power of 
the oil production capacities 
-0.077 -0.075 -0.08 
The average installed power of 
the nuclear production 
capacities 
0.044 0.06 0.011 
The average installed power of 
the wind production capacities 
-0.073 -0.075 -0.07 
The average installed power of 
the hydro production capacities 
0.009 0.008 0.009 
Free term -93.435 -140.27 0.74 
The degree of adequacy R2=0.77 R2=0.79 R2=0.62 
 
Also, we have developed three linear models for the working days from Monday to Thursday with the same kind 
of entry and exit variables, this time the data base being utilized with a 4th degree median filter in order to eliminate 
the seasonal and spike components. The median filter was obtained by applying the mobile averages centered in the 
data base.  
The regression coefficients of the models developed for the working days and their adequacy degrees are 
depicted in table 3. 
 
Table 3- The regression coefficients of the models from Monday to Thursday with filtered data 
 Y1- the average daily price for 
the electricity between the 
hours (1-24) 
Y2 – the average daily price for 
the electricity in peak hours i.e. 
between the hours (7-22) 
Y3 – the average daily price for 
the electricity in empty times   
between the hours (1-6) and 
(23-24) 
The average installed power of 
the coal production capacities 
0.0561 0.071 0.0541 
The average installed power of 
the oil production capacities 
-0.0148 -0.0218 -0.0258 
The average installed power of 
the nuclear production 
capacities 
0.0373 0.0515 0.0295 
The average installed power of 
the wind production capacities 
-0.0691 -0.077 -0.0806 
The average installed power of 
the hydro production capacities 
-0.0124 -0.0264 0.0148 
Free term 77.6133 87.2474 -9.9082 
The degree of adequacy R2= 0.692 R2=0.81 R2= 0.601 
 
In this case, the calculated adequacy degree of the obtained models varies from 0.6 to 0.81, meaning that R2 
explains from 60% to 81% of the phenomenon variation.  
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4. Research results 
We note that in all three working days models of the daily electricity prices, the variables representing the 
average installed power of oil, hydro and wind production capacities have negative coefficients which explain why 
these variables reduce the electricity price. Also, we note that prices are most influenced by the average installed 
power of the coal production capacities, the regression coefficient being higher. 
In the weekend models, the average installed power of oil production capacities and the average installed power 
of wind production capacities have negative coefficients, explaining this way why their contribution diminishes the 
electricity prices. Also, in these models we observe that electricity prices are significantly influenced by the average 
installed power of the coal production capacities. On Sundays it can be seen that the influence of the average power 
of hydro production capacities on the electricity price is very small, almost insignificant. 
We have also approached two special cases i.e. when the nuclear capacities are fully working resulting in a total 
of 1400 MW and when a nuclear unit is under repair and the average installed power of the nuclear production 
capacities remains 700 MW. 
Thus we used the multivariable evolutionary optimization method BOX, with constraints, for the objective 
function with five variables: 
 
0.066 * 0.023 * X1-X2-X3 +0.03 * 0.013 * 0.063 * X4-X5 +68.57    (2) 
 
It is just the function that defines the model Monday -Thursday of the average daily electricity price according to 
the average power of the five types of production capacities. The explicit constraints were constructed using the 
minimum values of the measured maximum data. 
In the first case when nuclear capacities are fully working, we obtained: a minimum price of 57.89 lei/MWh for 
electricity, and average power of 1423.36 MW for the coal production capacity, and average power of 1570 MW for 
oil production capacities, and average power of 1223.32 MW for wind production capacity and an average power of 
2561.74 MW for hydro production capacities. 
In the second case when a group enters under repair we obtained: a minimum price of 44.89 lei/MWh for 
electricity, and average power of 1521.22MW for the coal production capacity, and average of 1575.47 MW for the 
oil production capacity, and average power of 1208.31MW for the wind production capacity, and an average power 
of 2511.7 MW for the hydro production capacity. 
To establish a better connection between the production capacity structure and electricity prices we will try, in a 
future paper, to quantify the influence of seasonal factors, the seasonal component being the result of the action of 
factors as temperature and precipitation. 
5. Conclusions 
One can observe the considerable contribution of the coal based energy production and of the hydro energy in the 
spring period. The average production generated with the help of these two energy resources follows accurately the 
load curve shape, contributing, in this period of the year, with the major part to the national electricity demand. 
Also, we can notice the gradual decrease of the hydrocarbon contribution to the electricity generation during the 
transition to the summer period when the cogeneration units have a less intense activity due to the drastic reduction 
of the thermal energy demand.  
In autumn, the coal kept its significant percentage in covering the load curve, but the contribution of the hydro 
energy decreased substantially as a result of a draught period, the production gap being taken by the hydrocarbon 
units. This situation has affected the energy price volatility especially for the energy supplied in peak hours.  
Thus, if in the period March-May the electricity price on the day ahead market surpassed rarely the threshold of 
250 lei/MWh, in September-December period, the prices were situated mostly above this threshold. Also, it is to be 
noticed the higher fluctuation of the electricity prices on a day to day basis in the autumn period. This situation was 
due on the one hand to the energy demand growth, and on the other hand, to the decrease of the hydro energy 
generation. Under these circumstances, Hidroelectrica was forced to buy energy from the market in order to cover 
its contracts, at higher prices, the other producers speculating in their favor the created situation. There were, also 
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situations when the energy imports determined the day ahead market closure at lower prices than the ones expected 
by the producers, or reversely, the exporters favored the market closure at higher prices than the anticipated ones.  
The obtained results confirm that the coal based electricity has a very powerful influence on the determination of 
the day ahead market electricity prices. The fact is not due to a higher production cost, but to the important share of 
this type of energy on the energy spot market. This allows the producers to speculate the favorable situations 
appeared in the demand/supply rate on the energy market.  
We mention that the nuclear and wind energy do not participate in the biddings on the day ahead market because 
they are classified as priority productions and the hydro energy has a low share on this market due to the huge 
number of the existing bilateral contracts. As regards the of peak prices, the correlation is no longer so strong 
because the consumption is dropping and implicitly, the traded quantities. As a result the bidding process closes on 
smaller prices.  
In spring, at off peak hours, the natural gas based electricity encounters a negative correlation with the day ahead 
market prices because the hydrocarbon units have, generally, cogeneration groups, the thermal energy production is 
a lot higher in the night period and the units are forced to supply the necessary thermal energy quantities at lower 
prices and automatically, the bidding process closes at lower prices.  
In autumn, the day ahead prices were established by the market speculations, by the existence of regulated 
contracts – the means of covering the thermal energy demand- and by the important availability of functioning 
cogeneration units, as a result of the increasing thermal energy demand in this colder period.  
Regarding the correlation between the wind based electricity and the spot prices, it is negative, significant 
especially for the off peak hours, resulting that an increase of the wind contribution to the power system inflicts 
generally the decrease of the electricity prices.  
In periods when it is previewed a growth of the wind energy generation, the electricity traded on the day ahead 
market is lower, thus determining the bidding closure on lower electricity prices.   
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